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MISSIONS IN FLIGHT

● VOYAGER

● GALlLEO

* NEAR EARTH ASTEROlD RENDEZVOUS (NEAR)

● MARS GLOBAL SURVEYOR

● MARS PATHFINDER

● CASSINI

IS LUNAR PROSPECTOR
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CASSINI
INTERPLANETARY TRAJECTORY
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CASSINI SCIENCE OBJECTIVES
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Getting Ready to Launch
~ Lunar Prmwector ---7.LO CK HE ED MARTIN ,

1



What Prospector does...
A

~ Lunar Prospector
_77-

LO CK HE ED MARTIN

Gamma Ray Spectrometer (GRS)
Doppler Gravity Experiment:

● Elemental abundance
● Lunar gravity field

c Distribution Maps c Mass concentration (MASSCON) mapping
. i

I?● Bulk composition of crust ~
● Approx. 18 in deep ,..

+>
c Origin and evolution of Moon “~~ Alpha Particle Spectrometer /

Neutron Spectrometer (APS/NS)

f_ -..>,w.-,-.T.?e,-:-,-.,-7-.-:- ..J’1*-4-.44&._;_4+4 &+,-!-_,-?2LLt-.-J-~~~~-’-’ ‘-A *

APS:
● Gas release events

.,-=x, .,; .
,,.,, ~,~ .

II ., QLunar volcanic activity..,;?,...,-...,...-.,,<,-,.<,,,,,.:-.,.,‘ c Lunar evolution,<,.,,::.:-.;.,.::.●,.,,,,
,/43.;.:’

k

NS:
,, ● Detects and quantifies Hydrogen

4
** ● Regolith maturity

Magnetometer / Electron Reflectometer (MAG/ER) ● Search for lunar-ice deposits

● Lunar magnetic field
● Existence / sizing of lunar core
● Lunar structure and origin
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MISSIONS IN DEVELOPMENT

NEW MILLENNIUM DS-I (COMET& ASTEROID FLYBY)

MARS SIJRVEYOR (1998)

NEW MILLENNIUM DS=2 (MARS MICROPROBE PENETRATOR)

STARDUST

GENESIS

MARS SURVEYOR 2001 & 2003

MUSES-CN NANOROVER

CONTOUR (COMET NUCLEUS TOUR)

CHAMPOLL10N/DS-4 (COMET LANDER& SAMPLE RETURN)

MARS 2005 SAMPLE RETURN

OUTER PLANETS/SOLAR PROBE

- EUROPA ORBITER

- PLUTO KUIPER EXPRESS

- SOLAR PROBE



Deep Space One

DS1 Mission

●

●

●

●

● Validate the following prime technologies through space flight

Solar electric propulsion as primary propulsion

Advanced solar array

Autonomous navigation as primary navigation

Miniature imaging camera spectrometer

● Validate the following additional technologies through space flight:
●

●

●

●

●

●

●

●

Small deep-space transponder

Autonomy - remote agent architecture

Miniature ion and electron spectrometer

Autonomy - beacon monitor operations

Ka-band solid state power amplifier

Low power electronics experiment

Multi-functional structure

Power actuation and switching module











Technology Demonstrations

Non-erosive, lightweight, single-stage
atmospheric entry system

Microtelecommunications system with
mixed digital/analog/RF ASICS

Power microelectronics With.withymixed
digital/analog ASICS

Ultra low temperature lithium battery

Advanced 3D HDI microcontroller

Flexible interconnects for system cabling

Meteorological high-g pressure sensor

Soil conductivity high-g temperature
sensor

Sample/water experiment

Pressure

Sensor
I
*

Descent
Accelerometer

Primary

Flex Cable _

H20

Experiment

Drill Motor

Power

Electronics

Temperature

Sensors

Deployed
Configuration

— Antenna

Sun Sensor

Chamb&

Rl-

Instrument

Electronics
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-A SRC STM in TV Chamber



GENESIS

Spacecraft/SRCYPayload/Recovery

Pa

Lilting
Chute
Canopy

iion



1

0.5

4

-0.5

-1

GENESIS
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Millions of Kilometers
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●

●

●

Place a Spacecraft Outside the Earth’s Magnetosphere.
Launch Aboard a Delta II in January 2001

Expose Ultra-Pure Materials (Collectors/Concentrator)
– Capture solar wind for two years

– Solar wind ions and elements collected be above the “noise

floor” of the collectors ~ clean collectors

Return the Imbedded Solar Wind Samples to Earth.
Sample Return August 2003 at Utah Test& Training Range

Analyze the Samples With State-of-the-Art Laboratory
Instruments
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J Mission Overview

s Integrated Space Science, Space Flight, and Life& Microgravity
Sciences & Applications 2001 Mission

– Orbiter

– Long-Lived Lander with Rover

“ Two Launches, Delta 7425

“ Cost Constrained/Capabilities Driven Mission

– Maintain Mars Surveyor Program Heritage
- MSp ’98 + MSP ’01 + MSP ’03

c Conduct Mars Science, Mars Environment, and Technology
Experiments

MSP ’01
AAs

GP -2
1215/97



J Science Orbit Configuration (GRS Deployed)

II

SSPA Enclosure

4----
Velocity
Direction

Thruster REM Antenna 1 GRS
I L

Boom
I

v Nadir Direction

GRS
‘Annealing
Door

MSP ’01
AAs

-13
1215197



J Deployed Lander/Rover

Science Under Consid{

Planetary Science
1 Rover with Camera& Instruments
2 Descent Imager Camera
3 Robotic Arm
4 Stereoscopic Imager

Human Exploration and
Development of Space
5 Mars InSitu Propellant Production
6 Soil and Dust Experiment
7 Radiation Monitor

II

Educational Outreach
8 Student NanO-Rover
9 Greenhouse Experiment
10 Mars Long Duration

Exoosure Facility

MSP ’01
Ms

GP -18
1215J97





MUSES-CN Rev ORover

● panoramic imaging at 1 mrad/pixel in 8
vis/VNIR spectral bands,

● microscopic imaging at< 10 microns/
pixel in those same bands

● NIR spectrometry from 1.2 to 2.2 microns
at -20 nanometer resolution

● Sojourner Like AXS
● body articulation allows “hopping” in

,, 10pG environment and “posing” of
instruments

● comm relay to MUSES C
● Development process modelled after

Sojourner (and many of same team):

– Software Development Model
evolves into Engineering Model as
SW workalikes are replaced with
flight-likes

– Build a protoflight unit/flight spare
(SIM) and a Flight Unit Rover
(FUR)

— “Sojourner Like” Product Assurance
● 30 month PDR to Ship



CometNucleusTour—CONTOUR
A MissiontoStudytheDiversityofComet Nuclei

::,, Injection 0= &
maneuver

e

~ Encke ~
—-%238-1%-02

~ SW3 ~
11-03

~ d’Arrest
8:4 ~ 2:6 6-06 2$7 ~ 2%8 8-08

Sun Distance Earth Distance Phase Angle Flyby Speed
Encounter Date (AU) (AU) (deg) (km/s)

Encke, Nov 12,2003 1.07 0.27 12 28.2
SW3, Jun 18,2006 0.95 0.33 100 14.0
d’Arrest, Aug 16,2008 1.35 0.36 68 11.8

■ All encounters occur near maximum comet activity and at time of excellent
viewing from Earth.

■ First encounter (Encke) occurs only 15 months after launch. All three
comets visited within 5 years.

■ Possibility of extended mission to provide second look at Encke.

■ High probability of encountering a “new comet.”

JV-05 REV-B 97-7811- #175



CometNucleusTour—CONTOUR

Mission Concept: Uses Earth gravity-assist maneuvers to accomplish
multiple cometary encounters

Target Selection: Emphasis on diversity and unique objects.
Small, focused science payload
● High-Resolution lmager/Mapping Spectrometer (CRISP)
● Wide-Angle Imager (CFI)
● Dust Analyzer/Counter (CIDA)
● Neutral/Ion Mass Spectrometer (NGIMS)

Simple, robust spacecraft
Launch Vehicle: Delta-7425 (Med-Lite)

JV-04 REV-A 97-7811- #173
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30 day tics on

DS4/Champollion Peer Review

Comet Tempel 1 Sample Return
(Delta 2 7925)
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142 days stay time

Flight time = 7.1 years

Minj = 1066 kg
M~,non= 400 kg
MSIC,net = 666 kg
M~v~=15 kg

Available Power @ 1 AU= 11KW
MonopropAV=50m/s
Cold gas AV=lOm/s
VentryatEarth = 15.13 km/s
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SCIENCE OBJECTIVES

● Determine the presence or absence of a

subsurface ocean

● Characterize the three-dimensional distribution
of subsurface liquid water and its overlying ice
layers

● Characterize the morphology of the surface and
identify sites of recent or current activity

INVESTIGATIONS
. Precision gravity field determination

cLaser Altimetry

● Ice-penetrating radar

● Imaaina

LAUNCH - TRAJECTORY OPTIONS

I Direct VVVGA

Launch Date Nov. ’03 Aug. ’04
Every13 mos. every -2 yrs

Flight Time 3.0 -7.0
to Jupiter
(yrs.)

Launch STS/lUS/ Delta79251U

System
Star4S Star 30C

—

DESIGN STATUS
Science

Waft
lkidshielding

MASSBREAKDOWN:
~. A ~er=otiing Science

. spacecraft.
20 kg

109 kg

$
Radshielding 27 kg

; ulsionSystem Adapter+Conting. 102 kg
Propulsionsystem 111 kg
Propellant 553 kg

TECHNOLOGY: X2000 avionics under development.
Propulsion system mass reduction is
critical. Radar development proposed
via PIDDP.

SDT: Chris Chyba, chair. Cat 1A objectives established.

MISSION: IUS utilization discussions with Boeing, USAF

DS/SCB 9B0204



SCIENCE OBJECTIVES
Pluto and Charon:

. Characterize surface geology and morphology.

● Surface composition mapping.

● Characterize neutral atmosphere structure and

composition.

Possible Extended Mission:

● >1 Kuiper Disk object flyby.

INVESTIGATIONS

● Imaging
. IR Mapping Spectrometry
● UV Spectrometry
● Rado Science Uplink Occultation

LAUNCH - TRAJECTORY OPTIONS

JGA JGA Direct

Launch Date Nov03, Nov03 Feb03
Deco4 Dec04 Yearly I

Flight Time
(yrs)

10-12 8 10

Launch System Delta79251U STS/lUS/ Sinus/
Star30C Star4& Star48/ Star30

I
I ● MarginmightaliowJupiterDeepProbeopportunity u

PI

DESIGN STATUS

L MASS:
Science

i
7 kg

Spacecraft 95 kg
*raft
!

Adapter+Conting 50 kg
PropulsionSystem 24 kg

r Propellant 37 kg

TECHNOLOGY: X2000 Avionics development.
Breadboard payload pkg developed.

SDT: J. Lunine, chair. Cat 1A objectives established.

KBC#CB W)ZW



--

II::

II
II
II

SCIENCE OBJECTIVES

I Determine the mechanisms that accelerate the solar wind.
I Find the source and trace the flow of energy that heats the

million degree corona.
~Determine the three-dimensional structure of the inner

corona above the polar regions and the equatorial belt.
IMap the configuration and state of the magnetic field, and

the pattern of the surface and subsurface flows from pole

to pole.
IFind the origin of the fast and slow solar wind near the

surface of the sun.

INVESTIGATIONS

Integrated Fields + Particles (magnetometer, plasma wave,

plasma/ particles sensors)

Remote Sensing (EUV imager, ViS/X-ray magnetograph,

all-skycoronal imager)

LAUNCH - TRAJECTORY OPTIONS

JGA AV-EJGA
(Retrograde) (Retrograde)

Launch Date Nov ’03 Dec ’03
Every 13 mos. Every 13 mos.

Flight Time
(yrs) 3.8 5.8

Launch System Delta Ill / Delta 7925H /
Star 48V kickstage

J

_ . DESIGN STATUS
SciencePropallant~

Propulaio
Syatam

1

\

Adqotar,
Contingency

i

MASS:
Science 15 kg
spacecraft 12Skg

spacacrertAdapter,Conting 59 kg
PropulsionSystem 27 kg
Propellant 32 kg

TECHNOLOGY: )(2000 avionics development
underway. Thermal shield and solar arrays are critical
unique items that are not presently supported.
!ntegrated instrument package development required.

SDT George Gioeckier, chair. Cat 1A objectives
established

KBC/SCB W0217 rev 5



JPL
BEYOND THE SOLAR SYSTEM

PLANETARY EXPLORATION IN OTHER SOLAR SYSTEMS)

NEW MILLENNIUM DS-3: FORMATION FLYING NTERFEROMETER

SPACE INTERFEROMETRY MISSION (SIM)

INTERSTELLAR TRAVEL



Space Interferometry Mission

● 10-m Optical Interferometer

● Astrometry

-4 pas global

-1 was narrow angle

“ Imaging

-10 mas

-10-4 starlight nulling

● Looking at the Universe with p arc second
precision shows subtleties in the Universe
never before detectable
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Jupiter (100 Las) Error Circle (0.64 mas Error Circle
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Ambitious Future Missions are More
Propulsively Demanding JPL

I
Payload
Kinetic
Energy

(Joules)

Missions Under Consideration in On-Going JPL Studies of Interstellar
and Interstellar Precursor Flights

1E+18

1E+17

1E+16

1E+15

1E+14

1E+13

1E+12

1E+l 1

Total Human
\

4.5 LY Interstellar + Energy

(7,120 AU/Yr, 40 Yrs, 1 MT) Production
for 1 Day

1 LY Oort Cloud
(1,580 AU/Yr, 40 Yrs, 1 MT)

B*,,,, b*bnn*9m*o#a#oa,08#*#0a4**9#*4#09#mnaa***#m.o**#,.,.,,9,,,,1,,,,,, *,,,***,,*, ,,. ,,, ,,ssO,$s!1**Ostcttt*t
+ 1 M-Ton

H Bomb
IIIC#IIII~CCtCCO~III’100AU ,,, ,,, ,,, ,,, ,,, ,,, ,,, ,,, ,,, ,,, ,, ,0, *,,*aaa#*,an*@t*O.,8*,*.,,,**,,***,

Heliopause
Explorer

(200 AU/Yr, 50 Yrs, 1 MT)
,,, ,,, ............**,, ,,, ,,, ,*,,,, #*,,,,S*00,. #,,c,,,,. c*,,c*o#**Olc,,*t,o,,#to,,4#too.cc*

, ,, ,9.,,.009,,0,,,,,@.**##aa*

(25 AU/Yr, 40 Yrs, 1 MT) + Saturn V
1st Stage

, OC”IIIOOOIIS550AU Galactic Lens ciolt*lliccl#cc,,,, ,,, ,,, ,

(27.5 AU/Yr, 20 Yrs, 0.5 MT)

— Time Until Launch +

6
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CANDIDATE PROPULSION SYSTEMS FOR
INTERSTELLAR MISSIONS

FISSION
Fission ,,:::x,:::

~

..............**................. ...,,W.*.a...1..-..4.*......s.......*.**,+****, 4*8*+*.*,*?,$!****,***.**+*
Fragment ...........*,,*******,........... ...... .................... ...●.. ............*......s........... ...... .a,...-..........“ ...0.................. .....-,

“Rocket” “Sail”

FUSION
Inertial / Magnetic
Confinement
Fusion (ICF / MCF)

MATTER-ANTIMATTER
Beam-Core
Antimatter Rocket

BEAMED MOMENTUM SAILS

Laser Lightsail Laser

Relativistic Particle
Beam / MagSail Lin

COMBINATIONS

Light
Sail

ELECTRO-
MAGNETIC

Mag CATAPULTS
Sail
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Baseline Configuration

“ 3 Spacecraft Formation Flying with 2-D aperture synthesis

● 100-1000 m baseline

Starlight Path Starlight Path

Collector

--—- - --—- ——--
T

—-—— —--- ---- -
+

Aperture Plane
\ Baseline Metrology Path

1< -100-1000 m


